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Introduction
Due to the increased number of elderly individuals with 
musculoskeletal diseases in developed countries including 
Japan (WHO Scientific Group 2003), a variety of group-
based exercise regimens for the elderly have been proposed 
(Ades et al 1996, Ettinger et al 1997, Suzuki et al 2004). 
Among these, progressive resistance exercise has been 
shown to improve muscle strength and gait speed (Latham 
et al 2004). However, adverse effects are a major concern 
for elderly people undertaking exercise. A reduction in 
quality of life measured by the SF-36 after exercise was 
observed in 26% (bodily pain) and 32% (mental health) 
of 286 Japanese seniors (Ministry of Health Labour and 
Welfare 2005). However, adverse effects associated with 
progressive resistance exercise have been poorly reported, 
and it is therefore difficult to assess the risk related to 
progressive resistance exercise (Latham et al 2004). 
Identification of baseline characteristics associated with a 
reduction in quality of life would provide insight helpful 
to the design and implementation of exercise programs for 
older people. No previous studies have been conducted to 
investigate the relationship between the characteristics of 
participants undertaking progressive resistance exercise 
and quality of life.
Therefore, the aim of the current study was to investigate 
predictors of outcome in terms of quality of life to class-
based progressive resistance exercise among community-
dwelling Japanese people over 65 years. The specific 
research questions were:
What baseline characteristics predict good quality 1. 
of life among community-dwelling Japanese seniors 
undertaking a three-month progressive resistance 
exercise program?
What baseline characteristics predict poor quality of 2. 
life?
Method
Design
A prospective observational study was conducted with 
elderly participants of progressive resistance exercise 
programs. Between January 2007 and March 2008, 
volunteers were recruited from several three-month group-
based progressive resistance exercise programs held in 
Tokyo, Japan. The progressive resistance exercise program 
used in the class was standardised according to the guidelines 
of the Tokyo Metropolitan Institute of Gerontology (see 
Appendix 1 on the eAddenda for program details). The 
program was performed for 1.5 hours per session, with 2 
sessions per week for 3 months, using exercise machines for 
knee extension, hip abduction, recumbent squat, seated row, 
and abdominal flexion. Characteristics of the participants 
and quality of life were measured at baseline (Month 0) and 
at the end of the program three months later (Month 3).
Participants
Participants of the progressive resistance exercise programs 
were included if they were over 65 years, were community 
dwelling, had low level of disability (determined using 
a simple, self-administered disability assessment 
questionnaire, see Appendix 2 on the eAddenda) and had 
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no contraindication to undertaking exercise (assessed by 
family doctor or a medical check-up). They were excluded if 
they had a terminal illness or dementia (assessed from their 
medical history from on-site interviews by staff nurses and 
medical reports by family doctor), or if they had participated 
in other exercise classes in the previous six months.
Outcome measures
Predictors included baseline demographic characteristics 
(such as age, sex, body mass index), presence of co-
morbidities (such as osteoarthritis of the hip or knee, 
spinal condition, osteoporosis, hyperlipidaemia, diabetes 
mellitus, neurogenic disorders, pulmonary disease, cardiac 
disease, hypertension), frequency of habitual exercise in 
the past three months, number of falls in the past year, and 
activity limitations such as Timed Up and Go (Podsiadlo 
and Richardson 1991) in s, maximum walking speed in 
m/s, maximum grip strength in kg, and Timed One-Legged 
Stand with eyes open in s (Table 1).
The outcome of interest was quality of life measured 
using the Japanese version of the SF-36, which has been 
validated by Fukuhara et al (1998). The subscales: physical 
functioning, physical role, bodily pain, general health, 
vitality, social functioning, emotional role, and mental 
health of the Short Form-36 (SF-36) were measured on a 0 
to 100 scale.
Data analysis
Definition of good outcome in terms of quality of life: The 
subscales of the SF-36 that were improved after the three-
month program were identified using paired t-tests with level 
of significance set at p < 0.01 to avoid Type I errors related to 
multiple comparisons. Four subscales: bodily pain, vitality, 
social functioning and mental health were identified (see 
Table 2). A good outcome was defined as achieving > 10% 
increase in two or more of the four subscales and < 10% 
decrease in the rest. The cut-off of 10% was determined 
based on the minimal clinically-important change of 10% 
previously determined by Angst et al (2001) and 11% by 
Quintana et al (2005) for the SF-36.
Definition of poor outcome in terms of quality of life: 
The subscales of the SF-36 where > 20% of participants 
showed > 10% decrease after the three-month program 
were identified. Two subscales, physical role and vitality, 
were identified. A poor outcome was defined as achieving > 
12% decrease in at least one of the two subscales and < 10% 
increase in the rest.
Identification of predictors of ‘good’ and ‘poor’ outcome: 
Independent t-tests or Chi-square tests were used to first 
identify univariate predictors of good and poor outcome 
depending on whether the target variable was continuous. 
Participants who attended less than 70% of the exercise 
sessions were excluded from the analysis. The level of 
significance was set at p < 0.25 to ensure that potential 
predictors were not excluded at this stage. Significant 
predictors were then entered into the logistic regression 
analysis.
Logistic regression was used to identify multivariate 
predictors of ‘good’ and ‘poor’ outcome with the level 
of significance set at p < 0.05. A clinical prediction rule 
was derived for each outcome, and the predictive accuracy 
of each prediction rule was calculated using positive and 
negative likelihood ratios (LR+, LR–). Additionally, odds 
ratios adjusted for age, sex, and body mass index were 
computed to indicate the strength of association between 
the predictors and good or poor outcome.
Results
Flow of participants through the study
A total of 79 people were invited to participate in the study. 
At baseline, one person chose not to answer the questions and 
another could not complete the physical tests due to fatigue. 
During the three-month progressive resistance exercise 
program, 9 (11%) participants dropped out due variously 
to health-related problems (n = 1), contraindications (n = 
2), family conflicts (n = 1), increased pain (n = 1), falls at 
or around the home (n =2), and admission to hospital (n 
= 2). At Month 3, two (3%) participants were absent and 
one had incomplete data. Participants who had attendance 
rates below 70% were excluded from the analysis (n = 2). 
Therefore, data from 63 (76%) participants were included 
in the final analyses.
The baseline characteristics of the participants are 
summarised in Table 1. The participants had a body mass 
index within the normal range, and the majority were 
hypertensive, had few co-morbidities, had exercised at least 
Table 1. Baseline characteristics of participants.
Characteristic (n = 63)
Age (yr), mean (SD) 76 (6)
Sex, n female (%) 34 (54)
BMI (kg/m2), mean (SD) 23.1 (2.7)
Osteoarthritis, n (%) 16 (25)
Spinal disease and condition, n (%) 19 (30)
Osteoporosis, n (%) 6 (10)
Hyperlipidaemia, n (%) 21 (33)
Diabetes mellitus, n (%) 11 (18)
Neurogenic disorder, n (%) 7 (11)
Pulmonary disease, n (%) 12 (19)
Cardiac disease, n (%) 15 (24)
Hypertension, n (%) 35 (56)
Low co-morbidities, n with < 3 (%) 36 (57)
Amount of exercise in the last 3 months, n (%)
 None 21 (33)
 1–2 times 7 (11)
 3–12 times 21 (33)
 > 3 times per week 14 (22)
Number of falls in the last 12 months, n (%)
 None 39 (62)
 1 14 (22)
 2 2 (3)
 3 or more 8 (13)
Activity limitations, mean (SD)
 Timed up and Go (s) 6.9 (2.6)
 Maximum walking speed (m/s) 1.63 (0.72)
 Maximum grip strength (kg) 23.2 (7.9)
 Timed One-Legged Stand (s) 32 (22)
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three times in the past three months, and had no falls in the 
past 12 months.
Quality of life and the change after the three-month 
progressive resistance exercise program are presented in 
Table 2. At Month 3, significant (p < 0.01) improvements 
were observed in the subscales of bodily pain (p < 0.001), 
vitality (p = 0.002), social functioning (p < 0.001), and 
mental health (p < 0.001). At Month 3, more than 20% of 
the participants showed a decrease of more than 10% in the 
subscales of physical role and vitality.
Clinical prediction rules
The univariate analysis revealed that a lower body mass 
index, a longer timed one-legged stand, a low number of 
co-morbidities, and an absence of diabetes, neurogenic 
disorders, and hypertension at baseline predicted a 
good outcome. A shorter timed one-legged stand, a high 
number of co-morbidities, and the presence of diabetes and 
hypertension predicted a poor outcome.
In the multivariate analysis, only the presence of diabetes 
negatively predicted a good outcome with an adjusted OR 
of 0.20 (95% CI 0.05 to 0.88) and positively predicted a 
poor outcome with an adjusted OR of 4.40 (95% CI 1.21 
to 18.86) (Boxes 1 and 2). For example, a female with 
diabetes aged 76 years with body mass index of 23.1 at 
baseline would have a probability of 26% of improving 
by > 10% in the bodily pain, vitality, social functioning 
and mental health subscales of SF-36 after a three-month 
Table 2. Mean (SD) scores for quality of life at baseline and after a three-month progressive resistance exercise program 
and significance of change over time (p value) and number (%) of participants who had a decrease in quality of life of greater 
than 10%.
Quality of Life 
SF-36 (0 to 100)
Month 0 Month 3 Month 3 minus Month 0
Significance > 10% decrease
Physical function 72 (20) 77 (18) 0.02 11 (18)
Physical role 68 (24) 74 (22) 0.08 13 (21)
Bodily pain 62 (22) 72 (21) < 0.001 7 (11)
General health 58 (15) 62 (14) 0.03 12 (19)
Vitality 62 (20) 69 (18) 0.002 16 (25)
Social functioning 71 (27) 86 (19) < 0.001 8 (13)
Emotional role 66 (26) 75 (22) 0.01 8 (13)
Mental health 65 (20) 76 (16) < 0.001 5 (8)
Table 3. Mean difference or odds ratio (95% CI) and statistical significance (p value) between a good or poor outcome for 
each predictor.
Predictor Good outcome Poor outcome
Mean difference or 
odds ratio
Significance Mean difference or odds 
ratio
Significance
Age 0.43 (–2.50 to 3.38) 0.77 0.79 (–2.70 to 4.27) 0.65
Female sex 1.31 (0.48 to 3.59) 0.60 0.56 (0.17 to 1.87) 0.35
BMI –0.82 (–2.18 to 0.53) 0.23 0.51 (–1.11 to 2.13) 0.53
Osteoarthritis 0.87 (0.28 to 2.75) 0.82 1.23 (0.33 to 4.66) 0.76
Spinal disease and condition 0.95 (0.32 to 2.83) 0.93 1.39 (0.40 to 4.88) 0.61
Osteoporosis 1.46 (0.25 to 8.60) 0.68 0.68 (0.07 to 6.32) 0.73
Hyperlipidaemia 1.22 (0.42 to 3.56) 0.72 1.15 (0.33 to 3.98) 0.83
Diabetes mellitus 0.20 (0.05 to 0.84) 0.03 3.98 (0.99 to 15.94) 0.05
Neurogenic disorder 0.24 (0.04 to 1.35) 0.11 1.48 (0.25 to 8.52) 0.67
Pulmonary disease 0.98 (0.27 to 3.51) 0.98 0.65 (0.13 to 3.39) 0.61
Cardiac disease 0.75 (0.23 to 2.41) 0.63 1.46 (0.25 to 8.60) 0.68
Hypertension 0.28 (0.10 to 0.83) 0.02 3.82 (0.95 to 15.40) 0.06
< 3 co-morbidities 2.15 (0.77 to 6.00) 0.14 0.48 (0.14 to 1.58) 0.23
Exercise ≥ 1/mth in last 3 mth 1.13 (0.41 to 3.09) 0.82 1.09 (0.33 to 3.60) 0.89
Fall ≥ 1 in last 12 mth 0.97 (0.35 to 2.73) 0.96 0.58 (0.16 to 2.11) 0.41
Timed up and Go –0.31 (–1.66 to 1.05) 0.65 0.27 (–1.34 to 1.88) 0.74
Maximum walking speed 0.05 (–0.66 to 0.75) 0.90 –0.06 (–0.89 to 0.77) 0.89
Maximum grip strength 0.94 (–3.14 to 5.02) 0.65 0.18 (–4.66 to 5.02) 0.94
Timed One-Legged Stand 7.69 (–3.67 to 19.05) 0.18 –8.61 (–22.08 to 4.87) 0.21
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progressive resistance exercise program. In contrast, a male 
with diabetes aged 80 years with body mass index of 28.0 
would have a probability of 60% of decreasing > 10 % in the 
physical role and vitality subscales of SF-36 after a three-
month progressive resistance exercise program.
Box 1. Mean (95% CI) regression coefficients of 
predictors, clinical prediction rule, and accuracy of 
prediction of a good outcome
Regression coefficients of predictors
Sex = –0.50 (–1.06 to 0.05)
Age = 0.00 (–0.05 to 0.05)
BMI = –0.11 (–0.22 to –0.00)
Diabetes = –1.60 (–2.35 to –0.85)
Constant = 3.11 (–1.67 to 7.88)
Clinical prediction rule
Odds of a good outcome = e3.11
x e–0.50 male (1)
x e0.00 age (yr)
x e–0.11 BMI (kg/m2)
x e–1.60 diabetes (1)
Probability of a  
good outcome = Odds (good outcome)
 Odds (good outcome) + 1
Accuracy of clinical prediction rule
LR+ = 1.25 (0.97 to 1.57)
LR– = 0.44 (0.16 to 1.15)
Box 2. Mean (95% CI) regression coefficients of 
predictors, clinical prediction rule, and accuracy of 
prediction of a poor outcome
Regression coefficients of predictors
Sex = 0.80 (0.13 to 1.46)
Age = 0.03 (–0.02 to 0.09)
BMI = 0.08 (–0.05 to 0.21) 
Diabetes = 1.48 (0.74 to 2.22)
Constant = –6.53 (–12.32 to –0.73)
Clinical prediction rule
Odds of a poor outcome = e–6.53
x e0.80 male (1)
x e0.03 age (yr)
x e0.08 BMI (kg/m2)
x e1.48 diabetes (1)
Probability of a  
poor outcome =  Odds (poor outcome)
 Odds (poor outcome) + 1
Accuracy of clinical prediction rule
LR+ = 7.15 (0.95 to 52.64)
LR– = 0.87 (0.80 to 1.00)
Discussion
While undertaking a three-month progressive resistance 
exercise program, the quality of life of Japanese seniors 
improved, most notably in terms of bodily pain, vitality, 
social functioning, and mental health subscales of the SF-
36. These findings are consistent with two previous studies 
conducted in Japan (Chiba et al 2006, Inaba et al 2008). 
However, quality of life in terms of physical function, 
physical role, and general health did not improve, in line 
with previous investigations (Damush and Damush 1999, 
Latham et al 2004, Nelson et al 2004). This may be due 
to adverse events occurring during exercise in some 
participants (Haykowsky et al 1996, Latham et al 2004, 
Pollock et al 1991).
Older people with diabetes mellitus were 80% less likely 
to improve in bodily pain, vitality, social functioning, and 
mental health subscales of the SF-36 after a three-month 
progressive resistance exercise program. Furthermore, the 
odds of a ‘poor’ outcome in physical role and vitality were 
more than four times greater in participants with diabetes 
mellitus. It is biologically plausible that, during and after 
intensive exercise, elderly people with diabetes who have 
long-term complications develop exercise-induced hypo- 
and hyperglycaemia and soft tissue injuries (Horton 2006). 
This is supported by a randomised trial showing that 38% 
of participants with diabetes mellitus in a 22-week exercise 
class experienced these adverse events compared with 
14% of controls with the condition (p = 0.001) (Sigal et al 
2007). Consequently, although exercise is one of the most 
effective interventions in improving glycaemic control and 
increasing muscle mass for people with diabetes mellitus 
(Constans and Lecomte 2007, Sigal et al 2007), it can also 
lead to adverse events.
The current study indicates that the predictive accuracy 
of the clinical prediction rule for both good and poor 
outcomes is limited. However, the positive likelihood 
ratio of 7.15 suggests that the clinical prediction rule for 
a poor outcome may be useful in identifying participants 
who are at increased risk for a decrease in quality of life 
after undertaking an exercise program (Cleland 2005). 
Due to their limited accuracy, the clinical prediction rules 
derived in the current study should be validated in other 
populations.
This study has several limitations. The results were obtained 
from a convenience sampling of Japanese older people 
and may thus not extrapolate to other populations. Only 
a short-term progressive resistance exercise program was 
undertaken, so quality of life after a long-term program is 
unknown. Medical history of the participants was obtained 
partly by self-report, which may have lead to diagnostic 
inaccuracy. However, self-reports of medical history have 
been shown to be accurate when compared with medical 
records (Bush et al 1989, Walker et al 1998). Finally, the 
dropout rate in the current study was 24%, which may have 
caused a selection bias.
In conclusion, the quality of life improved in terms of 
bodily pain, vitality, social functioning and mental health 
but not physical function, physical role, emotional role, 
and general health in a community-dwelling Japanese 
elderly population at risk of disability who undertook a 
three-month group-based progressive resistance exercise 
program. However, people with diabetes mellitus were at 
greater risk of decreasing their quality of life. Therefore, 
health care providers need to monitor carefully participants 
with this disease who are undertaking progressive resistance 
exercise. n
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